Pellet feeds were prepared at 70, 80, 83 and 90°C under constant steam pressure of 4·0 kg/cm 2 • Under these conditions, the food received 10 seconds of heat treatment, but treatment at 90°C was found inappropriate since the food became slushy.
Effect of steam temperature in the pelleting process of chicken food on the viability of contaminating bacteria KENJI FURUTAl, IWAO OKU 2 & SHIGEICHI MORIMOT0 3 IPoultry Disease Laboratory, National Institute of Animal Health, Kurachi, Seki, 2Kohkin Chemical Co. Ltd, Osaka 579, and 3Sugiji Shokai Co., Handa, Aichi 475, Japan Summary Pellet feeds were prepared at 70, 80, 83 and 90°C under constant steam pressure of 4·0 kg/cm 2 • Under these conditions, the food received 10 seconds of heat treatment, but treatment at 90°C was found inappropriate since the food became slushy.
Pelleting conditions examined in this study did not eliminate all contaminating bacteria, but coliforms from ingredients were killed when pelleting was conducted at over 80°C. Concentrations of vitamins were not decreased during pelleting. The optimum temperature for pelleting food is considered to be 83°C under the conditions investigated in this study.
In a previous report (Furuta, Morimoto & Sato, 1980) it was suggested that steam supplied in the pelJeting process reduced the number of viable bacteria contaminating the food. This observation has also been made by other workers (Akaike, Nakajima, Nakayama, Osada & Kashiwazaki, 1970; Kashiwazaki, Namioka & Watanabe, 1970; Liu, Snoeyenbos & Carlson, 1969; Quadri & Deyoe, 1975) . Halls & Tallentire (1978) also found a marked reduction in the numbers of bacteria contaminating a commercial laboratory animal diet during the pelJeting process. However, agreement has not been reached on pelleting conditions such as temperature, pressure and period of steaming in the manufacture of formulated chicken food. This paper deals with the effect on the numbers of viable bacteria and on the vitamin content of food of steam supplied at various temperatures at a constant pressure during the pelleting process of chicken food.
Materials and methods
Formulated pelJet layer food which has been supplied to specified-pathogen-free (SPF) chickens maintained in the Poultry Disease Laboratory, National Institute of Animal Health, was used in this study. Composition of the food was presented in our previous report (Furuta et al., 1980) .
A pellet mill (CPM Master Model; California PelJet Mill Co., Folsom Street, San Francisco, California 94103, USA) was used for pelleting. The temperature of steam supplied to the mixer of the milJ was set at 70, 80, 83 and 90°C. Steam pressure from the nozzles was constant at 4·0 kg/cm 2 • The mixer consisted of an insulated cylinder (90 cm in length, 23·5 cm in diameter) and 3 injecting nozzles distributed steam evenly in the cylinder. The pelJeting die (pelJet diameter, 3·5 mm) was attached to the outlet of the pelleting chamber. A chute was connected between the mixer and the pel1eting chamber. Temperature of the food in the pelleting chamber was nearly the same as that in the mixer. The time required for the food to pass from the inlet of the mixer to the outlet of the die was recorded.
Bacterial counts and vitamin estimations were repeated on a total of 5 and 3 lots respectively, each lot of food consisting of 1 ton. Control samples for bacterial count and vitamin estimation were collected from 3 different parts of the mash prior to pelleting. 200 kg samples of the mash were processed at 70, 80 and 90°C, and the rest of the lot, i.e. 400 kg, was processed at 83°C. 3 pelJet samples of each lot, totalling more than 500 g, were collected for the determination at regular intervals just after the pelleted food ran out from the die.
Bacterial counts were performed as described previously (Furuta et al., 1980) , using heart-infusion (HI) agar for all bacteria and deoxycholate hydrogen sulfide lactose (DHL) agar for enteric bacteria. Enrichment culture was carried out using heartinfusion broth for cultivation of all bacteria, EC broth for coliform bacilli, and Hajna tetrathionate broth for Salmonella. 2 g amounts of the sample from a single lot was soaked in 20 test tubes containing 10 ml of each enrichment culture broth. The tubes containing the samples with heart-infusion broth and Hajna tetrathionate broth were incubated at 37°C for 48 h. The tubes containing the samples with EC broth were incubated at 44·5°C for the same period of time. After cultivation, a loopful of the broth was streaked on HI and DHL agar plates for confirmation of the bacteria present.
Vitamin estimations in the mash and the pellet were conducted according to approved USA methods (AOAC, 1975) , thiocrome tluorescence method for thiamine, lumitlavin fluorometric method for riboflavin, and Carr-Price method for vitamin A.
Results
The numbers of bacteria observed in HI and DHL agar plates are presented in Tables I and 2 respectively. Average number of contaminating bacteria in the untreated mash as detected in HI and DHL agar plates were 3·3 x 104, 2·3 X 10 3 respectively. After pelleting, the number of bacteria in HI agar plates was reduced to 6·9 x 10°to 6·9 X 10 1 on the average. Furthermore, bacteria were not detectable in I (processed at 70°C) to 3 (processed at 90°C) of each 5 lots examined by HI agar plate culture. Bacterial growth, however, was observed in all samples by enrichment culture, using heart-infusion broth.
No colonies were observed on DHL agar plates in which the samples of pellet food were cultured, or in enrichment culture using EC broth except for those containing the pellet samples processed at 70°C (Table 2) . When enrichment culture of the samples processed at 70°C was conducted with EC broth, gas was not always formed in Durham's tube. However, pink-coloured colonies were observed in streak culture of a loopful of the broth on DHL agar plates. Bacterial growth was not observed in Hajna tetrathionate broth cultured with either mash or pellet samples. Vitamin content of the food was not affected by pelleting at various temperatures (Table 3 ).
In the mixer the food, processed at 70, 80 and 83°C, was exposed to steam for approximately 5 s, and it took about 10 s to pass from mixer to pellet die. When the temperature of steam was raised to 90°C, the formulated mash became slushy and occasionally was not able to pass the die.
Discussion
The numbers of bacteria detected in untreated mash samples on HI agar plates were similar to those reported previously (Akaike et at., 1970; Furuta et at., 1980; Kashiwazaki et al., 1970) . Some of the pelleted samples showed no bacteria on HI agar, even after treatment at a low temperature such as 70°C. 4/5 6·9 x 10' '± 2·6 X 10' 0-1· 7 x 10 3 5/5 80 3/5 1·2x 10'±3·7x 10' 0·5· 7 x 10 3 5/5 83 3/5 1·3 x 10 1 ± 6·6 x 10' 0·1· 7 x 10 3 5/5 90 2/5 6·9 x 10 0 ± 4·1 x 10 1 0-4·5 x 10 3 5/5
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• No. positive/no. examined. However, when enrichment culture was carried out with heart-infusion broth, bacterial growth was obtained from all samples. These observations suggested that there were a few bacteria still surviving in the pellets at levels undetectable by agar plate culture. Similar observations were also obtained in DHL agar culture and EC broth culture of the pellet samples processed at 70°C. It would be difficult to eliminate all contaminating bacteria by the pelleting process (Halls & Tallentire, 1978) . On the other hand, viable coliform bacilli were effectively eliminated from the pellet processed at 80, 83 and 90°C. No bacterial growth was observed in Hajna tetrathionate broth cultured with either mash or pellets. These results suggested the absence of Salmonella contamination in the mash and pellets examined in this study.
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It has been reported previously that the number of contaminating bacteria in animal food could be red~ced (Akaike et at., 1970; Furuta et al., 1980; Kashiwazaki et al., 1970) and that enteric bacteria such as Escherichia coli and Salmonella could be eliminated by pelleting (Akaike et al., 1970; Kashiwazaki et al., 1970; Liu et al., 1969; Quadri & Deyoe, 1975) . Akaike et al. (1970) reported that it was possible to eliminate E. coli from pig food by pelleting at 6Q-80°C under 5·0 kg/cm 2 pressure of steam (type of mill unknown). Quadri & Deyoe (1975) reported that pelleting at 80°C using a CPM Master Model pellet mill failed to eliminate Salmonella senftenberg 775W strain from the pellets. According to Liu et al.
(\ 969) the minimum temperature required for killing all the Salmonellae including S. senflenberg 775W in the food was 87°C under 4·2 kg/cm 2 pressure, using a laboratory model pellet mill. Major factors affecting the viability of bacteria in the food during the pelleting process may be temperature and pressure of steam, and time of exposure to the steam heat. Furthermore, the degree of bacterial contamination in pellets may depend on species and density of bacteria prior to processing, composition of the mash, particle size, and moisture content of pellets. Elevated steam temperature or reduction in particle size of the ingredients, or both, might result in an elongation of the time taken for the food to pass from the mixer to the die, and thus receive prolonged heat treatment. In the present study, an elevated temperature such as 90°C occasionally resulted in a slushy product. It was not possible to control the time for the food to pass from the mixer to the die in this study.
The results of this study indicate that formulated food mash should receive pelleting treatment at a temperature above 80°C under 4·0 kg/cm 2 pressure for 10 s in order to reduce the number of contaminating bacteria, and to eliminate completely coliform bacilli from the food. The optimum condition is thought to be 83°C at this pressure, but this may need reconsideration in the light of factors in the food and pelleting process, as mentioned above.
It is obvious that concentrations of vitamins in the pellets were not different from those in the mash. The pelleting procedure used in this study did not affect the vitamin levels in the pellets.
Food for SPF chickens maintained in the Poultry Disease Laboratory, National Institute of Animal Health, are prepared under the conditions described here, and 3 successive generations have been maintained free from pathogenic bacteria originating from the food (Furuta, Ohashi, Obana & Sato, 1980) . Pelleted food is also supplied to SPF turkeys being kept free from pathogens (Mohamed, 1974) .
Bacterial contamination of pelleted food can occur during subsequent handling (Magwood, Fung & Byrne, 1965) , and it is necessary to take appropriate precautions against recontamination after the pelleting process.
